many mouse models have been generated either utilising high fat diet or genetics to induce both obesity and its related pathologies. These models have recently been elegantly reviewed by Kanasaki & Koya [10] . In order to conduct repeated measurements on the same individuals (e.g. at different age points), the non-invasive and precise quantification of adipose tissue in the animal model is crucial.
Body weight coupled with dissection is the simplest and most common predictor of fat mass, however it has been previously reported that body weight alone is a poor predictor of fat percentage especially in leaner mice [11] . However, the dissection of single fat pads, exemplified by gonadal fat, has shown to be highly correlated to total body fat percentage but the experimental animals need to be sacrificed [12] . The gold standard methods for evaluating fat mass include freeze drying and chemical analyses. Briefly, freeze dried mass/wet weight allows for the prediction of fat percentage from dry matter content (FatP_FD) [13, 14] , subsequent chemical analysis of the dried and ground animal allows for the prediction of protein content (from nitrogen) [15] . These methods are time consuming and destructive implying they can only be used post mortem (with the exception of body weight) thus cannot be used in longitudinal studies.
In the last decade, many sophisticated modalities have emerged to quantify adiposity in both rodent and farm animal models in a non-invasive way, including both standard and small animal dual-energy X-ray absorptiometry (DXA, PIXImus DXA), in-vivo computed tomography (CT) and micro computed tomography (µCT), standard and micro magnetic resonance imaging (MRI, µMRI). Whilst these modalities have a high resolution, are quantifiable and allow for longitudinal studies, they have a low throughput and are relatively expensive (Table 1) . They also require initial calibration against accepted gold Low energy X-rays to produce high-resolution (0.18 × 0.18 mm pixel) images.
Application of a strong magnetic field, combined with radio waves result in a detectable signal utilising the body's natural magnetic properties.
X-rays used to generate cross-sectional 2D models via rapid rotation of the X-ray tube 360° around the animal.
Synonymous to conventional CT, however produces very high resolution images allowing for "3d" microscopy. standard methods such as dissection, freeze drying and chemical analysis [13, 14] . The current study was designed to extend our preliminary data on ovine muscle using high throughput multi-object CT scanning to determine if this strategy was capable of providing precise quantification of adipose tissue of C57BL/6 mice, the most widely used of all inbred strains [16] . This approach offers the advantages of a quick, accurate and inexpensive method to assess adiposity in mice. Additionally we wished to determine if the simplistic weighing of subcutaneous (SB), gonadal (GF), mesenteric (MF) and interscapular brown (iBF) fat pads is indeed an accurate method to predict whole body adiposity. CT scanning -The bodies of freshly sacrificed mice were immediately CT-scanned using a Siemens Somatom Esprit Computer Tomography (CT) Scanner. Multi-object (6 mice in one scan), cross-sectional CT images were taken along the length of the body (3 mm apart, field of view 450 mm, approximately 70 images per mouse) ( Fig.1 ) [17] . Sheep Tomogram Analysis Routines (STAR) software (BioSS -V.4.8; STAR: Sheep Tomogram Analysis Routines, University of Edinburgh, http://www.ed.ac.uk) was used to calculate the total area and average densities of fat, muscle and bone in each carcass image without gutting (segmenting out guts and organs), based on density thresholds (low fat: -174 HU, high fat: -12 HU, low muscle: -10 HU, high muscle: 92 HU, bone: < 94 HU). These values were established from sheep calibration trials in which lambs underwent CT scanning followed by slaughter and full dissection [18] [19] [20] . Mouse specific thresholds were not available and have not been reported in the literature to the best of our knowledge.
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Dissection -Following CT scanning, individual fat pads (SB, GF, MF & iBF) were extracted and weighed ( Figure 1B and C). Whole mouse carcasses were subsequently frozen at -20 °C prior to freeze drying.
Freeze drying -Whole mouse carcasses and corresponding isolated adipose tissue were freeze dried to determine the dry matter weight (DM) of the carcass. Statistical data analysis -The data analysis has used linear regression and correlation analysis based on Excel (Microsoft Office 10) built-in functions with interval of confidence and testing of the correlation coefficients according to standard procedures described in the statistical literature [21, 22] . Data are presented as means ± standard error (SEM) were appropriate. Regression and correlation coefficient's are given with the intervals of confidence (P = 0.05).
Results
Liveweight, fat and non-fat traits measured by freeze drying, CT and dissection
The description of the dataset regarding these traits in terms of simple means and their standard errors is given in Table 2 . The LWT of the mice was on average 31.5 g, but splitting into the age groups shows a high variation between the age group means (20.9 g to 41.1 g). This produced the required variation in the fat traits, with fatness increasing with age. Taking the FatP_FD as an example, the fat content increases from about zero % (-1.1%) at 35 days to 18% at 200 days (with an average of 9%). Given the different methods to measure the size of the fat and non-fat compartment of the body it is not unexpected to find that the magnitude of the measured quantities of fat and non-fat differed between the methods. The total estimated fat by FD across all ages amounts to 3.4 g (9.0%). The value obtained from CT is 6.5 g (23.6%) and thus much higher, probably indicating that the thresholds derived from sheep dissection trials need to be refined for mice. Another opportunity is to use the obtained CT values in suitable regression equations to predict accurately the fat values obtained by freeze drying, the gold standard. Similarly, it is not unexpected to find the lowest total fat amount from dissecting out the 4 above mentioned fat depots (SB, GF, MF and iBF). This method finds on average 1.5 g of the total fat (sum of the
Liveweight as a predictor for fat and non-fat
The simplest predictor of fatness is often live weight (Table  3 ). This assumes however that there is a wide variation in fatness as in our cohort, resulting from the use of mice from 35 days to 200 days of age. Both, FatW_FD and FatP_FD are highly correlated with LWT, r = 0.95 and 0.95, respectively, indicating that LWT alone allows good prediction of the fat weight and content in this sample of mice. LWT also correlates highly with the non-fat weight 
Benchmarking Isolated dissected fat pad mass against freeze drying and CT
The dissection of a single isolated fat pad from mice is a very common, invasive but highly simplistic and rapid exercise to evaluate total fat mass in mice. However the accuracy of this in C57BL/6 mice has not yet been reported. High positive correlations (r = 0.92, 0.93, 0.98 and 0.89, respectively) were found between all isolated fad pads and the FatW_FD (g) with the highest correlation between GF_DS and FatW_FD indicating that the gonadal fat pad seems the best single trait predictor for the total body fat in a mouse (r = 0.98; Table 3 ). Again, as the FD and CT measured fat traits are highly correlated it is expected that the mass of the individual fat depots correlates also and content estimated by FD: r = 0.98 and 0.95. It is of note that these seemingly good prediction abilities of LWT will be diminished when looking at mice at one age or at animals with a small age span only, although the low sample sizes per age group in our study do not allow us to prove this. As the FD measures of fatness are highly correlated with those obtained from CT it is not surprising to find LWT also a good predictor for the CT based traits, with the correlations slightly lower (r = 0.85 to 0.94; Table 3 ) .
Benchmarking CT predictions against freeze drying
Water content is a robust indicator of fat proportion as described previously and can be easily measured by freeze drying [12] . This method is cheaper and quicker than the equivalent chemical analysis. As the latter was not available in our study, freeze drying was the chosen benchmarking method. The initial use of both methods on the same sample allows the derivation of prediction equations, which can be utilised to allow the use of subsequent CT measures alone to predict fat and non-fat traits given the results of both methods highly with the CT based fat mass measures, with the highest value (r = 0.98) between the GF_DS and FatW_CT emphasising the good prediction opportunities if only one depot is being used, and highlighting the accuracy of multiple-object CT. The last 4 rows of Table 3 highlight that the prediction accuracy can be increased if the fat weight found in all 4 depots is summed up and all correlated to FD and CT measured fat mass. The correlations are both 0.98 and therefore quite similar to the GF_DS vs. FatW ones.
Discussion
Previous publications have evaluated the use of body weight alone as predictor of fat mass or fat percentage, reporting a good correlation in obese mice, yet a poor correlation in very lean mice [11] . Contrary to this, we report a strong correlation between body weight alone and fat mass and percentage in mice of 20 g (35 days of age) to 40 g (200 days of age) measured by freeze drying and by multi-object CT. As a tendency the r values were slightly lower for the relative measures (%) compared to the absolute values (g), and the correlation to FD measures seem slightly higher compared to the CT based measures. These high correlations are likely due to the large age span present in our cohort, selected to produce a large variation in fat traits. However in more similar body weights this may not be the case and the use of LWT as solely predictor of fat mass is not recommended. Compared to the LWT as a fat predictor, the multiobject CT yielded slightly higher accuracies, e.g. the FatW_CT is a very good predictor for the total fat mass in the body (r = 0.98). The chosen approach in our study to CT scan freshly killed mice allows conclusions for CT scanning mice in vivo. The excellent prediction abilities of multi-object CT allow the implementation of experimental designs which are without it impossible to realise. For example one could feed mice with a "normal" diet over a certain time period, then CT scan these mice and change to a high-fat or high calorie diet and CT scan the same mice again. The results would be very informative for studies into the problem of diet induced obesity. Our study shows the fat amount in live animals can be predicted very well with multi-object spiral CT. There was only limited research exploring the use of multi-object CT in fat mass prediction in mice. This study now provides prediction equations based on one predictor ( Table 3 ), indicating that CT can accurately predict the degree of adiposity in the murine model. Moreover, with the use of multiple regression analysis a further small increase in accuracy could be expected, however we wanted to use simple predicators at this stage. It also may be possible to improve accuracy by optimising the thresholds for the mouse model and segmenting out the guts in the process of CT-image analysis.
As this study has highlighted, simplistic dissection is also sufficient to quantify whole body adiposity, and the measurement of one depot (gonadal fat pad) achieves the same predictions accuracy than the dissection of all 4 depots. These results agree with previous work [23] and are based on the strong positive correlation between isolated fat depots and predicted fat mass.
More complex questions with regard to adiposity, such as the study of fat distribution in mice, muscle shape and hepatic fat/water ratios will require more sophisticated, high resolution imaging techniques such as µMRI or µCT, which are inaccessible to many and are accompanied by high costs, increased analysis image and acquisition time. We conclude that the use of multi-object in vivo CT fat quantification is a highly valuable, cost effective, accurate and minimally invasive technique in the genetic manipulation era to exploit lean/obese genes in the study of diet induced obesity, without the sacrifice of the animal, allowing longitudinal studies to be completed in a high throughput manner.
Future work
The importance of mouse models in scientific research is indisputable. In order to abide by the principles of 3 R's, adopting new technology or optimising current technology to meet changing needs is fundamental. In addition to the parameter's we measured, multi-object CT with appropriate benchmarking, will have the capability to accurately predict total muscle and bone mass (as shown in other species), thus replacing time consuming dissection in experimental design. Additionally further work is required to benchmark both µMRI and µCT to dry matter based prediction or chemical analyses. These modalities, unlike CT provide high spatial resolution and contrast, allowing not only quantification of adiposity in longitudinal studies, but also the ability to distinguish between normal and pathological tissues. However for simple adiposity measurements, allowing for the dissection of the genetic basis of diet induced obesity and study of diet effects over age, we believe that CT is currently unsurpassed.
